Abstract
INTRODUCTION
Celiac disease is a severe genetic autoimmune disorder, defined as gluten intolerance. Celiac patients have to adhere to a strict gluten-free diet throughout their lifetime for management (Gül and Hayıt, 2017) . Gluten-specific proteins trigger the symptoms in wheat, rye, spelt, oat and barley (Pestoric et al., 2017) . The small ingestion amounts of gluten can have serious health problems for celiac patients. Therefore celiac patients must avoid the oral ingestion of gluten (Shah et al., 2017) and gluten-free food products must be produced in such a way as to provide the conditions appropriate to the legislation and the amount of gluten must not exceed the amount specified in quality assurance legislations (Gül et al., 2018) . On the other hand,the production of high-quality gluten-free products made from ingredients other than wheat flour brings together major technological challenge and poor nutritional attributes (Pellegrini and Agostoni, 2015) . Attempts are thus made to adopt methods that could produce cereal based gluten-free products with technological properties comparable to their gluten-containing counterparts and minimum compromises with quality (Naqash et al., 2017) . Some novel techniques; such as usage of pseudocereals, flours of different legumes and/or flours of fruits and vegetables, hydrocolloids, emulsifiers, and applying different processing technics such as; combination of infrared-microwave baking and extrusion cooking (Gao et al., 2018) are often used to overcome these problems and to become better the quality of gluten-free food products. Hydrocolloids are widely used for maintaining moisture, controlling water mobility, retaining gas in dough systems, improve texture, to reducemoisture loss during storage and for their anti-staling effect in bakery products (Guarda et al., 2004; Mandala et al., 2008) . Beside their help to improve dough characteristics, final product quality and stability, they are also added to increase sensorial quality (Ferrero, 2017) . Among the microbial hydrocolloids, XG takes a prominent place, due to the high pseudoplastic structureand stability,high viscosity even at low concentrations, shows effectiveness at various pH levels and its resistance to degradation at elevated temperatures (Faria et al., 2011) . XG is a water-soluble exo-polysaccharide,produced industrially from carbon sources by using microorganism Xanthomonascampestris with microbial fermentation (Palaniraj and Jayaraman, 2011) . XG was cleared as a food additive and allowed to use in the production of foods by the FDA (Food and Drug Administration) in 1969 (Katzbauer, 1998; Palaniraj and Jayaraman, 2011) . Consumption of cookies is quite frequentall over the worlddue to their low moisture content, ready to eat form, with rich nutrient content, long shelf life, availability of many varieties to meet demands of consumers (Acun and Gül, 2014; . Cookies are prefered by every age group of the consumer as a tasty and hearty snacks Gül et al., 2016) . Low-quality problems such as weak binding, stretching, and colourpropertiesare seen in gluten-free cookiesthus the lack of gluten.To provide structural stability, several additives that can imitate the viscoelastic properties of gluten are commonly used (Devisetti et al., 2015) . XGis commonly incorporated into gluten-free formulations. XG was reported to improve appearance and specific volume of the glutenfree muffins (Singh et al., 2016) .Improving effect of XG on corn starch-basedgluten-free bread also stated by Özer and Dizlek (2016) . The study about rheological properties of dough by oscillatory and creep measurements indicated that the elasticity and resistance to deformation of gluten-free dough formulations supplemented with XG were showed higher improvements (Lazaridou et al., 2007) . Thus, the objectives of the present research were to determine the effect of increasing amounts of XG on some technological, textural and sensorial properties of gluten-free cookies which were prepared from gluten-freeflour mixture contain corn starch, corn flour, rice starch and potato starch. Quality characteristics of GFC added with XG were compared with no added XG cookie samples. However, quality properties of GFC were compared with glutencontaining counterparts (with SWFC, was stated as control) produced from soft wheat flour (SWF). 
MATERIALS AND METHODS

Materials
Experimental design
XG was added at 0%, 1%, 2%, 3% and 4% concentrations in gluten-free flour formulations. A control sample (gluten-containing counterparts) with SWF also prepared. XG was not addedto this sample. 7% corn starch, 8% corn flour, 40% rice flour and 45% potato starch were used in gluten-free flour formulations. Usage ranges of these ingredients were determined in our previous study (not pressed yet) by using Response Surface Methodology.
Preparation of cookies:
Cookies were prepared using the AACC Method 10-50-05 (AACC, 2001).Formulation for making cookies was presented in Table 1 . Cream shortening, sugar, salt, and sodium bicarbonate were mixed on low speed (Hobart mixer N50, Germany) for 3 min by scraping down after each minute. High fructose corn syrup and distilled water were added and mixed for 1 min at medium. After scraping all flour was added and mixed 2 min at low speed and scraped down after each ½ min. The dough was gently scraped from thebowl and placed six portions on lightly greased cookie sheet. The doughwas sheeted to 5 mm by rolling pin and cut into circular shapes with a circular scone cutter of 60 mm inner diameter. Baking was performed in a convection oven (Fimak FSET4, Turkey) at 205ºC±2 ₒ C for 10 min. After baking, they werecooled and put in high-densitypolyethene bags with hermetic cover until further analysis.
Chemical composition of cookies
Moisture, ash and pH content of GFC were determined according to AACC Method 44-01.01, AACC Method 08-01.01 and AACC Method 02-52.01 (AACC, 2001) respectively. For the measurement of water activity (Woody, 2003) , the cookies were ground with a grinder. Approximately 2 g of theground cookie was placed in plastic dishes designed for use with an aW-meter (Novasina, LabTouch-aw, Lachen, Switzerland).
Physical evaluation of cookies
The physical parameters of the cookies were evaluated regarding width (W), thickness(T), and spread ratio (W/T) values by digital calliper. Spread ratio was calculated by the proportion of width to thickness (W/T). Six cookie samples were taken in each experiment.
Colouranalysis of cookies
The colours of the cookieswere measured with a colourimeter (Minolta CR-300, Minolta Co Ltd., Tokyo, Japan). The colourimeterwas calibrated using a standard white plate. Minolta L indicates brightness, (0 = black, −100 = white), a redness (+value = red, −value = green), and b yellowness (+value = yellow, −value = blue). Five readings were taken from the surface of cookies for colour measurement. Average of five measurements for L, a and b values were recorded.
Texture analysis of cookies
Texture analysis was carried out 6 hours after baking according to Sahan et al. (2013) with some modifications.A texture analyser (TA-XT PLUS, Stable Micro Systems, Surrey, UK) equipped with a 3-Point Bending Rig (HDP/3PB) using 50 kg load cell was used for calculation of hardness and fracturability values. Once the trigger force is attained,the force is seen to increase until the biscuit/cookie fractures and falls into two pieces. This is observed as the maximum force and is referred to as the 'hardness' of the sample. The distance at the point of thebreak is referred to as 'fracturability' of the sample. The texture analyser was set to 'return to start' cycle, a pre-test speed of 1.0 mm/s, thetest speed of 3.0 mm/s, thepost-test speed of 10 mm/s, and a distance of 5.0 mm and data acquisition rate, 500 pps.
Sensory evaluation of cookies
Sensory evaluation of cookieswas done according to Gül et al. (2013) . The sensory test was carried out 4 hours after the cookies were made. Fifteen untrained judges evaluated cookies for colour, surface structure, texture, flavour and overall acceptance. A five-point hedonic scale was used. This scale was a from 1 to 5 point referring 'dislike extremely' to 'like extremely' was used for sensorial evaluation.
Statistical analysis SPSS 16.0 program was used to evaluate results statistically. Mean values were comparedwith Duncan's multiple range test with significance defined at P < 0.01.
RESULTS AND DISCUSSIONS
Chemical composition of SWF, and glutenfree flour ingredients
The chemical composition of SWF and ingredients used ingluten-free flour formulation are givenin Table 2 . Table 2 The moisture and ash content of the raw materials were varied between 8.25 -15.25% and 0.15-0.97% respectively. The protein contents of SWF, corn and rice flour were observed significantly (P<0.01) higher than that of potato and cornstarch. Highest total lipid content was foundincornflour with 5.15%. Table 3 shows the chemical composition of SWFC and GFC. (Inglett et al., 2015) .The ash ratio increased statistically with the addition of XG while it did not affect the pH values of cookie samples.
Chemical properties of cookies
Physical properties of cookies:
Physical characteristics such as width,thickness and spread ratio of cookies are given in Table 4 . Results showed that (Table 4) width of the GFC was observed significantly higher as compared to SWFC. The highest diameter value of GFC may be attributed the lack of gluten in their formulations thus leads poor binding and stretching characteristics, Gluten is the most critical protein in wheat, being responsible with rheological properties and structure-forming of dough systems (Dizlek et al., 2006) . During the baking tests, it was very difficult to obtain and to shape a desirable dough structure for gluten-free doughs than soft wheat doughs. The add of XG has improvedthe behaviour of dough significantly during processing. Especially 3% addition level of XG was made thedough as easily processed as gluten-containing control cookies.However, increasing the level of XG to 4% was made thedough again difficult to process because of its rigid structure. The GFC without XG was produced the cookies with the highest spread ratio and diameter (width). It might be considered that this is due to lack of gluten and XG content. Similarly, Chung et al. (2014) reported that the spread ratios of cookies increased as non-wheat protein content increased. Increasing percentage of XG was caused to decrease in both width and spread ratio values of GFC while in contrary it was led to increasing in thickness values of GFC (Figure 1 ). Figure 1 : Photographs of thecookies, from left to right: soft wheat flour cookie(SWFC, control), and Glutenfreecookies (GFC) with 0, 1, 2 3 and 4% XG added
The spread ratio of GFC containing 3% XG was showed almost equivalent spread ratio to that of control cookies, which is significant fromcommercialutilisation level of XG to produce GFC. It can be noticed that increasing the percentage of XG above 3% level was led to a significant decrease in spread ratio.This may be attributed to the presence of hydroxyl groups in the hydrocolloid structure that helps in the retention of ahigher quantity of water through hydrogen bonding. Thus thehigh water-binding capacity of xanthan leads to scarcity of water for hydration (Devisetti et al., 2015) . It is possible that higher addition levels of XG make thedough less viscoelastic and more strict. According to Giuberti et al. (2018) , dough flow mostly depends on viscosity, the higher the viscosity, the lower the spread ratio.
Colour and texture properties of cookies
The colour of cookies after baking can be seen in Table 5 and Figure 1 . The lowest value of both brightness and yellowness and the highest value of redness were observed in GFC without added XG among the cookies. However, the lack of gluten in GFC results in the poor colour of products and other quality defects after baking (Devisetti et al., 2015) . It can be noticed, in Table 4 , that addition of XG was provided the colour values of the GFC be closer to control sample. Singh et al. (2016) observed similar results reporting XG increased L* for both crusts and crumbs of cakes. However increasing of percentage in XG added leads to slight changes in brightness, yellowness and redness values. When all the colour values were taken together, it can be said that the closest result to the control sample was obtained from 3% XG added samples. Hydrocolloids are one of the most commonly used ingredients to improve texture and appearance of gluten-free formulations (Ziobro et al., 2016) .
Textural properties of cookies
The results of textural characteristics are shown in Table 6 . Significant differences among GFC and control (p<0.01) were observed in the hardness parameters. In particular, control cookies produced from soft wheat flour alone and without XG has displayed the highest hardness (5694.0 g) while GFC with no added XG was the lowest hardness (3288.7 g) and fracturability (35.46 mm) values. Hardness andfracturability of GFC were increased withincreasing amount of XG in cookies. In the case of XG-added GFC, thethicknesswas increased while spread ratio was decreased gradually, these were imparted high resistance towards breaking. García et al. (2017) , also reported that the addition of Agave Angustifolia fructans con-ferred hardness to the cookies, and they also observed that with the increasing level of it the hardness of the cookies also risen. Increase in hardness and fracturability can be attributed to the highly branched structure of XG, along with it can easily interact to form links between other components. The nearest hardness and fracturability value of GFC to control cookies were obtained with the addition of 3% and 4% XG respectively. Mudgil et al. (2017) revealed in their precious study that incorporation of partially hydrolysed guar gum decreased the hardness of the cookies upto 3% supplementation.
Sensory Evaluation
The sensory analysis (Figure 2 ) revealed that cookies colour, surface structure, texture, flavourand overall acceptance of AWFC was rated highest while GFC with no supplemented XG was rated the lowest for all these parameters. As can be seen from the Figure 2 the addition of XG was improved all sensory parameters significantly (p<0.01). It is note worthy that this improvement was noticed up to 3% addition level of XG but after that sensorial scores of GFC were began to decrease slightly. 
CONCLUSION
The use of XG in recipes for gluten-free cookies had significant effects on chemical, physical, textural and sensorial characteristics of them.
According to results of present study xanthan gam(XG) supplementation to gluten-freecookie formulationsignificantly increased the moisture aw and ash content of cookies when compared with GFC, not including XG. The spread ratio of GFC with no XG was found to be highest while this value started to decrease with the addition of XG. Similar results as glutencontaining counterparts were obtained at the 3% supplementation level of XG. XG addition to GFC formulation also had apositive contribution to colour parameters of GFC. XG addition to GFC formulationalso had apositive contribution to colourparameters of GFC. GFCwas found to be farsofter than glutencontaining control samples. At an increasing rate, the addition of XG also increased the hardness values of GFC. It is known that the quality of gluten-free cookies is, in general, lower than the quality of traditional cookies but the add of XG could improve the almost all quality parameters of GFC. When all parameters were considered together, especially in respect of sensorial scores desirable GFC which was comparable with the soft wheat flour cookie, can be produced by the addition of XG at 3% level.Thismay helpto improve some quality characteristics of the gluten-free cookies.
